In this paper, the anticorrosive performance of four inhibitive organic heterocyclic compounds [2-Mercaptoimidazole (2MI), 2-Mercaptobenzimidazole (2MBI), 2-(Benzylthio)imidazole (2BZMI) and 2-(Benzylthio)benzimidazole (2BZMBI)] were investigated using pipeline steel in hydrochloric acid media (1M HCl) and compared using electrochemical impedance spectroscopy, EIS. The last two organic compounds were obtained through non-conventional synthesis using microwaves. As the inhibitors concentration increased from 5-200 ppm, Z're also increased continuously, thereby suggesting inhibitor adsorption onto the metal surface. Also, all the organic inhibitors studied showed acceptable corrosion inhibiting efficiency, IE, of about 94-96% after adding 30 ppm to the acid system. Furthermore, at this concentration the better protection efficiency was attained for the inhibitor 2BZMBI. The four inhibitive organic compounds were classified as mixed inhibitors, in accordance with the corrosion mixed potential theory.
Introduction
Heterocyclic organic compounds containing N and S are known to be efficient inhibitors, forming covalent bonds with metal surfaces (1) (2) (3) (4) (5) . Their adsorption depends on electrons in aromatic rings, unpaired electrons in the functional groups that contain nitrogen and sulphur atoms. It is interesting to study the compounds which can be protonized in an acid medium, predominantly the nitrogen atom (N 3 ) in the imidazole ring. Thus, they can become cations, existing in equilibrium with the molecular form (6) .
The purpose of this paper is the preparation of organic-based compounds protected 2-(Benzylthio)imidazole 2 and 2-(Benzylthio)benzimidazole 4 from non-expensive 2-Mercaptoimidazole 1 ( Figure 1 ) and 2-Mercaptobenzimidazole 3 (figure 2) by a method different to conventional benzylation (7, 8) . The benzylation reaction was carried out assisted by microwaves: thus, the results report a comparative study by EIS that deals with the corrosion resistance of pipeline API 5L X52 type-steel in 1M HCl using known inhibitors such as: 2-mercaptoimidazole 1 (2) and 2-mercaptobenzimidazole 3 (1) and other two analogue compounds that have not been explored 2-(Benzylthio)imidazole 2 and 2-(Benzylthio)benzimidazole 4. 
Experimental

Organic Inhibitors Synthesis
All reagents and solvents were purchased from commercial suppliers and used without further purification. Microwave irradiation experiments were carried out in a dedicated CEM Discover LabMate® microwave equipment. The reaction products were analyzed using an HP-5 column on a Hewlett Packard model 6890 Gas Chromatograph equipped with a model 5973 mass detector system, with the oven programmed from 70-200°C (10°C/min) for 4 min then 200-280°C (10°C/min) for 3 min, inj. 250ºC, det. 280°C; the detector was set in the chemical Ionization mode using methane as reactive gas.
2-(Benzylthio)imidazole 2.
Benzyl chloride (0.5 g, 3.95 mmol), 2-Mercaptoimidazole (0.593 g, 3.95 mmol), and triethylamine (0.55 mL, 3.95 mmol) in absolute ethanol (10 mL) were successively added to a 10 mL reaction glass vial containing a stirring bar. The vial was sealed tightly with a Teflon septum and irradiated for 30 minutes at 60 o C using 150 W maximum power and then left under irradiation for other 2.5 h at room temperature. The reaction was concentrated in vacuo, diluted with water, extracted with ethyl acetate, dried over sodium sulphate, and concentrated in vacuo to a white solid. Trituration with ethyl ether, filtration, and drying at 25°C (0.01 
EIS characterization
Two solutions containing 0.01M were prepared from analytical grade reagent, as follows; i) 47.5 mg of 2-(Benzylthio)imidazole (2BZMI) was dissolved with a waterethanol 1:1 mix at room temperature and ii) 60 mg of 2-(Benzylthio)benzimidazole (2BZMBI) was dissolved only with ethanol at room temperature. Aliquots of 5-200 ppm were taken from the solutions mentioned above and added to the testing electrolyte 1M HCl. EIS data were collected at the corrosion potential (E corr ) over the frequency range of 100KHz to 0.1 Hz using a Zahner-IM6 frequency response analyzer. The amplitude of the sinusoidal voltage signal was 10 mV. The corrosion behavior of the steel samples without inhibitor was also monitored. All electrochemical experiments were performed in a standard three-electrode cell arrangement in which the working electrode was a sample of API 5L X52 having approximately 1 cm 2 exposed area, that was lightly polished with 0.3 m alumina. A saturated Ag/AgCl electrode was used as the reference electrode and a graphite bar was used as the counter electrode. All experiments were conducted at room temperature. The impedance data were fitted using the appropriate equivalent circuits, EC, in order to obtain the parameter of charge transfer resistance (Rct) and calculate the IE. Finally, the comparison of the corrosion inhibiting efficiency of the different organic compounds studied was performed at 30 ppm. Figure 3 and 4 show the Nyquist plots for the pipeline API 5L X52 samples exposed to 1M HCl without inhibitor and for the systems containing "2BZMI or 2BZMBI" at different inhibitor concentrations from 5 to 200 ppm, respectively. Figure 3 , depicts clearly a single capacitive loop behavior that reached less than 50 -cm 2 (Z're), which is associated with the charge transfer process, Rct, and the related charging of the electrical double layer, Cdl, at the steel´s surface-electrolyte interface. This suggests that a corrosive attack took place on the metal surface and can be well described by a simple EC, like that shown in the inset of Figure 3 .
Results and discussion
On the other hand, Figure 4a shows that as the 2BZMI concentration increases in the acid system, the semicircle becomes larger reaching a Z're value of about 800 -cm 2 at 200 ppm corrosion inhibitor. This behavior is related to a molecular adsorption ECS Transactions, 20 (1) 519-527 (2009) mechanism of the organic compound over the polished metal surface, thus forming a multilayered assembly that prevents the adsorption of Cl -ions (which is responsible for pitting corrosion). The EC used to analyze the EIS spectra of the system that contained from 5 to 200 ppm 2BZMI is more complex and is shown in the inset of Figure 4a . This EC is composed by two constant phase elements (CPE) with their respective resistors, Rmol (organic molecules resistance) and Rct (charge transfer resistance), connected in parallel and its solution resistance (Rs) that is connected in series; this circuit arrangement is due to the presence of two interfaces in the system HCl + inhibitor/metal: one describes the process related to the organic molecules adsorption and the other the characteristics of the electrical double layer interface. In the case of 2BZMBI, its impedance diagrams shown in Figure 4b have the same behavior as observed for the system 2BZMI. However, with additions from 50 to 200 ppm of inhibitor, the greatest corrosion inhibiting efficiency is attained that is clearly seen in the EIS spectra in Figure 4b , by a maximum of Z're value less than 1000 -cm 2 . But with 30 ppm of any of these inhibitors, Z're reaches a value of about 1000 -cm 2 . The results obtained through fitting the appropriate EC to the experimental data, are listed in Table I . Also the value of the corrosion inhibiting efficiency at each concentration is shown in Table I , which is calculated from the following relationship (2):
Where Rct (blank) corresponds to the charge transfer resistance of the steel sample without inhibitor and Rct (inhibitor) is the corresponding value of the charge transfer resistance when inhibitor is added to the acid system. 1/Rct usually expressing the corrosion rate. The true capacitance value of the electrochemical double layer (Cdl) can be calculated from the expresion given by Hsu and Mansfeld (9): , 20 (1) 519-527 (2009) 
From Eq. [2] Q
o is the constant phase element, n represents the roughness of the electrode surface and max is the frequency at which the imaginary component Z" reaches its maximum value in the Nyquist diagram. When n is close to 1 CPE resembles an ideal capacitor and the phase angle is almost 90°. But when the value of n varies and the phase angles is less than 90 o at any frequency range C dl is calculated from Q o and n. These parameters are also listed in Table I .
As can be observed in Table I , the value of Rct increases continuously with increasing inhibitor concentration, though for the case of the Cdl value, a diminution was observed. This is associated to the decrease of the local dielectric constant or because of the thickness increase of the electrical double layer, which suggests that either the 2BZMI or 2BZMBI acts via adsorption at the metal/solution interphase. Therefore, it can be safely assumed that the Cdl value decreases because of the gradual displacement of the water molecules due to inhibitor molecules' adsorption over the surface of the steel API 5L X52, which impedes its dissolution. Also, it can be observed from Table I that as the inhibitor concentration increases the corrosion potential E corr becomes more negative, which suggests that the 2BZMI or 2BZMBI compounds act as a mixed inhibitor, thus implying that its molecules affect both the anodic and the cathodic processes.
2BZMI and 2BZMBI´s Inhibition Efficiency Figure 5 shows the variation of the inhibiting efficiency of 2BZMI and 2BZMBI as a function of its concentration evaluated in accordance with Eq. [1] . It can be observed that from 30 ppm the efficiency attained was excellent, reaching approximately 94-96%. In our previous work (2) it has been reported that adding small quantities of inhibitor (20-30 ppm) such as 2-Mercaptoimidazole (2MI) or 2-Mercaptobenzimidazole (2MBI) the corrosion inhibiting efficiency is close to 96% in sulfuric acid media. The data can be used as a reference for comparing the inhibiting efficiency of four organic compounds, two were obtained commercially as that namely 2MI or 2MBI and two synthesized by non-conventional methods using microwaves (namely 2BZMI or 2BZMBI), which were added at 30 ppm in 1M HCl. Figure 7 shows the impedance diagrams as a result of the comparison of the four inhibitive organic compounds that were studied 30 ppm in 1M HCl. The results indicate that the imidazole product (2BZMI) or benzimidazole (2BZMBI) display a semicircle with six orders of magnitude larger than the 2MI or 2MBI, ~ 800 -cm 2 . This behavior was related to the addition of the molecule SCH2Ph to the original molecule structure of the 2Mi or 2MBI compounds, which makes them more stable also increasing the adsorption on the metal surface. The results shown in Table II were obtained through fitting the RC electrical circuit to the experimental data, as shown in the inset of Figure 7 . These comparative results demonstrate that the benzylation products added at 30 ppm to the acid media have a charge transfer resistance much larger than the commercial inhibitors; this, in terms of the inhibiting efficiency, represents values above 95%. Therefore the EIS technique allowed electrochemical characterization of the four organic compounds studied. The result obtained in this study indicate that the benzylation products obtained a low production cost such as 2-(Benzylthio)imidazole (2BZMI) and 2-(Benzylthio)benzimidazole (2BZMBI) are very efficient to prevent steels from corrosion attack exposed to acid media like HCl. Also, these organic compounds were classified as mixed inhibitors, in accordance with the mixed corrosion potential theory, which suggests that its molecules interact at both anodic and cathodic sites on the metal surface. 
Conclusions
We have elaborated a conveniently fast, novel microwave-assisted chemoselective procedure for the benzylation of 2-mercaptoimidazole and 2-mercaptobenzimidazole using ethanol in the presence of triethylamine. These organic base heterocyclic compounds turned out to be efficient corrosion inhibitors (IE, 95-96 %) with only 30 ppm concentration and also, these compounds were classified as mixed inhibitors, in accordance with the mixed corrosion potential theory.
EIS permitted to pursue a thorough characterization of the 2BZMBI as efficient corrosion inhibitor in HCl media giving also additional information on the actual adsorption mechanism that controlled the corrosion reaction rate of the surface of the steel. In agreement with other results published (2), the EIS method gives better advantages over polarization techniques. , 20 (1) 519-527 (2009) 
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